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Description 

This invention relates to light emitting devices, such 
as Laser Diodes (LDs) or others; photodetecting devic- 
es, such as PIN Photo Diodes (PINPDs), Avalanche s 
Photo Diode (APD)orothers;an optical electric integrat- 
ed circuits(OEICs) which integrate optical active devic- 
es, such as LDs, LEDs, PINPDs, APDs, etc. and electric 
devices, such as amplifiers, drivers, FETs and others. 

Conventionally in, e.g., light emitting devices for this 
use, various devices have been made for the purpose 
of collecting radiation from diode chips by lenses or oth- 
er means to improve the coupling efficiency to optical 
fibers or others, and the precision of aligning optical ax- 
es with those of the optical fibers or others. 

The light emitting device of FIG. 15A (Japanese 
Patent Laid-Open Publication No. 139367/1987) com- 
prises a diode chip 62 mounted on a can-type package 
61, and a spherical lens 62 adhered to a light emitting 
surface 62a of this chip 62. The package 61 is sealed 
by a glass cap 64. The light emitting device of FIG. 1 5B 
includes another ball lens 66 attached to the center of 
the cap 64. The cap 65 is adhered to the package 61 to 
seal the chip 62 air-tightly to thereby make up a lens 
system on the optical axis of the chip 62. 

The light emitting device of FIG. 16 Japanese Pat- 
ent Laid-Open Publication No. 1 39367/1 987) comprises 
a stem 72 with a diode chip 71 mounted on, and a plastic 
cap 73 adhered to the stem 72 for air-tight sealing of the 
diode chip 71 . A spherical chip coat 74 is applied to the 
side of the light emitting surface 71a of the diode chip 
71 , while an emission surface 73a of the plastic cap 73 
is formed in a lens-shape to make up a lens system 

FIG. 17 (Japanese Patent Laid Open Publication 
No. 88377/1987) shows the conventional LED collima- 
tor (light emitting diode) for aligning optical axis with that 
of an optical fiber with high precision. This collimator 
comprises a stem 82 with a light emitting diode 81 
mounted on, a stepped sleeve 83 adhered to the stem 
82 for sealing the light emitting diode 81 . In this stepped 
sleeve 83, a ball lens 84 at the middle portion thereof, 
and a restricted portion 85 is disposed on the front there- 
of. In this restricted portion 85 is fixedly inserted an op- 
tical fiber F. 

FIG. 18 (Japanese Patent Laid-Open Publication 
No. 73786/87) shows the conventional light emitting de- 
vice for enhancing the coupling efficiency with optical 
fibers. 

This light emitting device comprises a frame 91 hav- 
ing the head 92 made of metal, such as aluminum, or 
others. A concave groove 92a is formed in the middle 
of the head 92. A light emitting diode 93 is rested in the 
concave groove 92a. The concave groove 92a has the 
wall formed in a curved surface. This curved face is a 
reflection surface 92b. These members are integrated 
by resin molding. Consequently diagonally horizontally 
reflected light which is usually loss light is reflected for- 
ward by the reflection surface 92b. 



The emission surfaces 94a of the resin molding 94 
is formed in a semisphere to function as a lens, so that 
radiation is converged there. 

Thus, the reflection surface 92b decreases light 
loss to remove uneven luminance and enables the emis- 
sion surface 94a to positively condense light. 

The light emitting diode of FIG. 15A, 15B has the 
problem that the diode chip 62 is air-tightly packaged, 
which requires a number of parts, and its fabrication 
process is accordingly complicated. Besides the light 
emitting diode of FIG. 1 5B needs align ing the optical ax- 
is of the diode chip 62 with those of the ball lenses 63, 
64, and in welding the cap 65 to the package 61 , their 
positioning needs considerably high precision. The fab- 
rication process is accordingly complicated, and result- 
ant ly its fabrication cost goes up. 

In the light emitting diode of FIG. 16 as well, con- 
siderable precision is required in welding the plastic cap 
73 with the lens system to the stem with the diode chip 
71 mounted on, and the fabrication process is compli- 
cated. 

In the light emitting device of FIG. 17 it is necessary 
to agree with good precision the optical axis of the light 
emitting diode 81 with the center of the end surface of 
an optical fiber F for the purpose of enhancing the cou- 
pling efficiency in adhering the stepped sleeve 83 with 
a restricted portion 85 for fixing the optical fiber F. This 
precision depends on a precision of positioning the 
stepped sleeve 83 to the stem 82. Accordingly consid- 
erable precision is required, which makes the fabrication 
process of the light emitting device complicated. This 
has incurred high fabrication costs. 

In the light emitting device of FIG. 1 8 the portion for 
removing light loss, and the portion for positively con- 
densing radiation are separately constituted. This 
makes the structure of the device and its fabrication 
process complicated. When the light emitting diode 93 
is die-bonded, the head 92 of the frame 91 providing the 
reflection surface 92b is heated, adversely making the 
reflection surface 92b rough, with the result of lowered 
reflection efficiency. 

Reference is also made to CH-A-474201, which dis- 
closes an LED in which a reflective surface is provided 
behind and around the optically active element in order 
to produce a detailed light output beam. 

An object of this invention is to provide an optical 
device which has a simple structure and is capable of 
high condensing. In some embodiments, the optical de- 
vice can be easily coupled with optical fibers, etc. with 
a required coupling precision. 

According to the invention there is provided an op- 
tical device comprising a frame, an optical active device 
mounted on the frame and integrated therewith by a 
light-transmitting resin molding in which the optical ac- 
tive device is buried, 

and two lenses buried in the light-transmitting res- 
in molding facing an active surface of the optical active 
device and having the same optical axis (L) which is per- 
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pendicular to the main surface of the optical device and 
coincides with an optical axis of incident or emitting light 
of the optical active device. 

Two lenses buried in the resin molding facing to the 
active surface of the optical active device enhance the 
condensation. These lenses are buried in the resin 
molding, and consequently the lenses are kept from the 
outside environmental changes, and are stable against 
vibrations, etc. The resin molding can easily form the 
optical active device in arbitrary shapes, while decreas- 
ing a number of parts. 

One of the lenses positioned on the side of the op- 
tical active device may be bonded to the active surface 
of the optical active device. Consequently there is little 
possibility that the lens is dislocated in the resin-molding 
operation, and the molding is easy. 

The incidence or emission surface of the resin 
molding may be formed in a convex surface functioning 
as a lens. Consequently the incident or the emission 
light with respect to the optical device can be converged 
on two stages by the lens buried facing to the optical 
active surface, and the convex surface formed on the 
incidence or emission surface of the resin molding. This 
lens, and the incident or emission surface are resin- 
molded or provided by resin moldings, and consequent- 
ly alignment of the optical axes can be easily conducted 
with high precision, and the whole device can be easily 
fabricated. 

According to the invention there is provided an op- 
tical device comprising a frame, an optical active device 
mounted on the frame and integrated therewith by a 
light-transmitting resin molding in which the optical ac- 
tive device is buried, and two lenses positioned facing 
an active surface of the optical active device • and hav- 
ing the same optical axis which is perpendicular to said 
active surface and coincides with an optical axis of inci- 
dent or emitting light of the optical active device, one of 
the lenses being a convex lens portion integrally formed 
on a surface of the resin molding, and the other of the 
lenses being a spherical lens buried in the resin molding. 

Prefered embodiments of the invention are speci- 
fied in the dependent claims. 

By applying this invention to light emitting devices, 
photodetecting devices or optical electric integrated cir- 
cuits, devices providing high condensing and simple 
structure can be obtained. 

The invention will be better understood from the fol- 
lowing description given by way of example with refer- 
ence to the accompanying drawings, wherein: 

FIG. 1 A is a vertical sectional view of the light emit- 
ting diode according to a first embodiment of this 
invention; 

FIG. 1 B is a plan view of the light emitting diode ac- 
cording to the first embodiment of this invention; 
FIG. 2 is a vertical sectional view of the light emitting 
diode according to a modification of the first embod- 
iment; 



FIG. 3 is a vertical sectional view of the light emitting 
diode according to a second embodiment of this in- 
vention; 

FIG. 4 is a vertical sectional view of the light emitting 
s diode according to a third embodiment of this inven- 
tion; 

FIG. 5 is a plan view of the horizontal type light emit- 
ting diode according to a fourth embodiment of this 
invention; 

10 FIG. 6A is a vertical sectional view of the light emit- 
ting diode according to a fifth embodiment of this 
invention; 

FIG. 6B is a plan view of the light emitting diode ac- 
cording to a fifth embodiment of this invention; 
15 FIG . 7 is a vertical sectional view of the light emitting 
diode according to a modification of the fifth embod- 
iment; 

FIG. 8 is a plan view of the horizontal type light emit- 
ting diode according to a sixth embodiment of this 

20 invention; 

FIG . 9 A is a vertical sectional view of a seventh em- 
bodiment of this invention; 
FIG. 9B is a plan view of the light emitting diode ac- 
cording to the seventh embodiment; 

25 FIG. 1 0 is a vertical sectional view of the light emit- 
ting diode which is not in accordance with this in- 
vention but which is disclosed for the purpose of fa- 
cilitating an understanding of an eighth embodiment 
according to Figure 11; 

30 FIG. 1 1 is a vertical sectional view of the light emit- 
ting diode according to the eighth embodiment; 
FIG. 1 2 A is a vertical sectional view of a light emit- 
ting diode array which is not in accordance with this 
invention; 

35 FIG. 12B is a sectional view along the line A-A in 
FIG. 12A; 

FIG. 1 3 is a vertical sectional view of the photodiode 
according to a ninth embodiment of this invention; 
FIG. 14 is a vertical sectional view of the optical 
40 electric integrated circuit according to a tenth em- 
bodiment of this invention; 
FIG. 1 5A is a vertical sectional view of the light emit- 
ting diode using the conventional can-type pack- 
age; 

45 FIG. 15B is a vertical sectional view of the light emit- 
ting diode using the conventional can-type pack- 
age; 

FIG. 16 is a vertical sectional view of the light emit- 
ting diode using the conventional plastic package; 
50 FIG. 17 is a vertical sectional view using the con- 
ventional LED collimator (light emitting device); and 
FIG. 18 is a vertical sectional view of the conven- 
tional light emitting diode having the condensation 
improved. 

55 

The light emitting diode according to a first embod- 
iment of this invention will be explained below with ref- 
erence to FiGs. 1Aand 1B. 



3 



5 

This light emitting diode 1 comprises a diode chip 3 
(optical active device) mounted on a lead frame 2 which 
are integrated by molding a transparent resin 4 into a 
cylindrical shape. 

The diode chip 3 is die-bonded to the bed portion 5 
5a of a cathode lead 5 and wire-bonded to an anode 
lead 6 by a wire 7 bridged between the forward end ot 
the anode lead 6 and the same. A first ball lens 8 is po- 
sitioned so as to have an optical axis which coincides 
with an optical axis L of an emitting light of the diode 
chip 3 and adhered to the light emitting surface (active 
surface) 3a. The first ball lens 8 is buried in the trans- 
parent resin molding 4. Diffuse-radiation from the light 
emitting surface 3a is immediately received by the first 
ball lens 8 to be collimated into substantially parallel 
rays. 

A second ball lens 9 is buried ahead of the first ball 
lens 8 so as to have an optical axis which coincides with 
the optical axis L The radiation which has been colli- 
mated into substantially parallel rays is further con- 
verged by the second ball lens 9 to focus immediately 
ahead of the second ball lens 9. This fully enhances the 
condensation. A lower half of the second ball lens 9 is 
buried, and an upper half thereof is exposed. This ex- 
posed portion is positioned in a mold to be integrated by 
the resin molding. 

In this embodiment, radiation from the diode chip 3 
is collimated into substantially parallel rays by the first 
ball lens and is focussed by the second ball lens 9. The 
second ball lens 9 is larger than at least the first ball lens 
8. The sizes of both lenses 8, 9 are determined by a size 
of the diode chip 3, a focal point, etc. The materials of 
both lenses 8, 9 are preferably transparent materials, 
especially preferably glass ball lenses, having refractive 
indexes equal to or higher than 1 .7 to 1 .9 because the 
refractive index of the resin molding is 1.5. In this em- 
bodiment, taking cost aspect into consideration, Ti0 2 , 
Ba0 2 , Si0 2 based glass ball lenses are suitably used. 
The refractive indexes of both lenses 8, 9 as well as the 
sizes thereof can be freely chosen to some extent. 

Thus, the radiation is condensed on the two stages 
respectively by the first and the second ball lenses, and 
resultantly the light emitting diode 1 can have very high 
condensation. Consequently it is possible to couple the 
light emitting diode 1 to optical fibers of small core di- 
ameters, etc. with high coupling efficiency. The first ball 
lens 8 is positioned by the adhesion to the diode chip 3, 
and the second ball lens 9 is positioned by a mold, 
whereby the optical axis L can be aligned with high pre- 
cision. In this embodiment, the diode chip 3 is not pack- 
aged by air-tight sealing but by molding the resin. Con- 
sequently its fabrication is easy, and the variability of the 
products can be decreased. In addition, the shape of the 
light emitting diode 1 can be freely changed in accord- 
ance with devices for the light emitting diode to be used, 
portions of machines and instruments for the diode to 
be attached to, etc. 

FIG. 2 is the light emitting diode according to one 
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modification of the first embodiment. This modification 
takes the advantage of the fact that the light emitting 
diode can be resin-molded into a suitable shape, and 
the light emitting diode according to this modification 
has a flange 4a formed on the base of the resin molding 
4 for facilitating the attachment of the light emitting diode 
to machines and instruments. The first ball lens 8 is rel- 
atively smaller, and the second ball lens is larger. Screw 
holes or the like are formed in the flange 4a for setting 
the light emitting diode to machines and instruments. 

FIG. 3 shows the light emitting diode according to 
a second embodiment of this invention. In this light emit- 
ting diode 1 , a flange 4a is formed as is done in the 
above-described modification, and a second ball lens 9 
is completely buried in a molded resin for the perfect 
protection of the second ball lens 9 from the outside en- 
vironments. 

FIG. 4 shows the light emitting diode according to 
a third embodiment of this invention. In this light emitting 
diode 1 , a concave groove 4b for the adhesion of a sec- 
ond ball lens 9 is formed in the emission surface of a 
resin molding 4. The substantially lower half of the sec- 
ond ball lens 9 is adhered to the concave groove 4b. 
This not only facilitates the fabrication of the light emit- 
ting diode, but also makes it possible to prepare a plu- 
rality of ball lenses having the same size but different 
refractive indexes and replace the second ball lens 9 for 
later arbitrary adjustment of the focal point, etc. 

FIG. 5 shows the light emitting diode according to 
a fourth embodiment of this invention. This light emitting 
diode 1 is the so-called horizontal type and is used in 
machines and instruments whose thickness is limited. 
A cathode lead 5 and an anode lead 6 are extended in 
the direction perpendicular to the optical axis L of a di- 
ode chip 3, i.e., horizontally, and this light emitting diode 
can be disposed in relatively narrow positions. 

In the above -described embodiments and modifi- 
cation, the lenses are glass ball lenses, but their shapes 
and materials are not limited to the glass ball lenses. 
Resin convex lenses or the like may be used. For UV 
radiation, semiconductor tenses, as of InP, GaAs or oth- 
ers, may be used. 

FIGs. 6A and 6B show the light emitting diode ac- 
cording to a fifth embodiment of the optical device of this 
invention. 

This light emitting diode 1 has the same structure 
as those involved in the first to the fourth embodiments 
but has the following characteristics. That is, the second 
ball lenses 9 in the first to the fourth embodiments are 
replaced by a convex portion which functions as a lens 
and is formed ahead of a ball lens 8 and having an op- 
tical axis which coincides with an optical axis L of an 
emitting light of a diode chip 3, and at which radiation 
from the light emitting diode 3 exits. This convex portion 
4c is equivalent to a semi-spherical lens. Radiation col- 
limated into substantially parallel rays by the ball lens 8 
and further condensed by the convex portion 4c so as 
to focus immediately ahead of the convex portion 4c. 
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Thus the condensation is sufficiently enhanced. 

In this embodiment, radiation from the diode chip 3 
is converted by the ball lens 8 into substantially parallel 
rays and focussed by the convex portion 4c. To this end 
the convex portion 4c has a larger diameter than at least s 
the ball lens 8. Both diameters are determined by a size 
of the diode chip 3, a focal point of the exit light, etc. 

In this way, the radiation is condensed on two stag- 
es by the ball lens 8 and the convex portion 4c equiva- 
lent to a lens. Consequently the light emitting diode 1 10 
can have very high condensation. Accordingly this light 
emitting diode can be coupled to small-diameter optical 
fibers with high coupling efficiency. The ball lens 8 is po- 
sitioned by the adhesion to the diode chip 3, and the 
convex portion 4c is positioned by a mold. Accordingly 
the optical axis L can be aligned with high precision. 

FIG. 7 shows the light emitting diode according to 
one modification of the embodiment of FIG. 6. This light 
emitting diode 1 takes the advantage of the fact that the 
diode 1 can be resin-molded in any contour and has a 
flange 4a formed on the base of the resin molding 4 for 
facilitating the attachment of the light emitting diode to 
machines and instruments. The ball lens 8 is a relatively 
small one, and the convex portion 4c is formed very near 
the ball lens 8. This arrangement can compact the light 
emitting diode 1 having high concentration. 

FIG. 8 shows the light emitting diode according to 
a sixth embodiment of this invention. This light emitting 
diode 1 is the so-called horizontal type and is used in 
machines and instruments whose thickness must be 
small. A cathode lead 5 and an anode lead 6 are ex- 
tended in the direction perpendicular to the optical axis 
L, i.e., horizontally, which allows this light emitting diode 
to be installed in narrow spaces. 

FIGs. 9A and 9B show the light emitting diode ac- 
cording to a seventh embodiment of this invention. In 
this light emitting diode 1, a ball lens 8 is adhered to a 
light emitting surface 3a of a diode chip 3 as in the sixth 
embodiment. In place of the convex portion 4c formed 
in a semi-sphere in the resin molding 4, a stepped sur- 
face 4d as a Fresnel lens is formed. Accordingly the exit 
portion of the resin molding 4 is not jutted therefrom and 
functions as a lens. 

FIG. 1 0 shows a light emitting diode which is outside 
the scope of this invention as defined by the appended 
claims. This light emitting diode 1 has a unique structure 
which will be explained below. 

A fixation groove 1 0 for the forward end of an optical 
fiber F to be inserted in is formed in an exit portion of a 
resin molding 4 having an optical axis which coincides 
with an optical axis of an emitting light of the diode chip 
3. The forward end of the optical fiber F is fixed in the 
groove 10 by adhesion. The groove 1 0 is extended with 
the bottom thereof positioned short of the forward end 
of a ball lens 8 to locate the forward end of the optical 
fiber and the ball lens adjacent to each other as much 
as possible so that the light which has passed the ball 
lens 8 is received by the optical fiber little loss. Coupled 



with the condensation by the ball lens 8, this improves 
the coupling efficiency of the light emitting diode 1 to the 
optical fiber F. The entrance 1 0a of the fixation groove 
10 is beveled in a funnel-shape for facilitating the inser- 
tion of the optical fiber F. 

Thus, the light emitting diode 1 and the fixation 
groove 10 for the optical fiber F are molded integrate, 
which facilitates the fabrication of the diode and de- 
creases the variability of the product. In addition, the 
alignment of an optical axis of an emitting light of the 
diode chip 3 with the optical axis L of the optical fiber F 
is automated, which facilitates the coupling of the optical 
fiber F and improves its coupling efficiency, and the fab- 
rication cost is accordingly decreased. This light emit- 
ting diode is useful especially to sensors and optical 
communication using large-bore fibers, such as plastic 
fibers or others. 

FIG. 11 shows the light emitting diode according to 
an eighth embodiment, being a modification to the light 
emitting diode according to Figure 10. In this light emit- 
ting diode 1 , a convex portion 4c functioning as a lens 
is formed at an exit 4c ahead of the ball lens 8 so that 
radiation from the diode chip 3 is condensed on two 
stages respectively by the ball lens 8 and the convex 
portion 4c. 

In addition, taking the advantage of the fact that the 
diode 1 can be resin-molded into an arbitrary shape, a 
flange 4a with screw holes is formed on the resin mold- 
ing 4 on the side of the exit for easy attachment of the 
light emitting diode to machines and instruments. A 
small hole 1 1 which is in communication with the fixation 
groove 10 is formed in the side of the molded resin 4 for 
the communication with the fixation groove 10, and 
when the optical fiber F is fixed in the groove by adhe- 
sion, an adhesive is injected through the small hole 10. 

This arrangement produces high condensation and 
improves coupling efficiency of the optical fiber F. In ad- 
dition, owing to this arrangement, the light emitting diode 
can be incorporated in optical communication modules, 
etc. 

In these embodiments and modifications, the lens- 
es are ball glasses, but shapes and materials are not 
limited to the glass ball lenses. Resin convex lenses or 
others may be used. The convex portion 4c is not nec- 
essarily convex and may be a Fresnel lens as long as 
the portion has the condensing function. 

FIG. 12 shows a light emitting diode array which 
does not form part of this invention. 

This light emitting diode array 21 comprises a plu- 
rality (5) of diode chips mounted on a lead frame 2 and 
molded integral of a transparent resin 4. A ball lens 8 is 
adhered to the light emitting surface 3a of each of the 
diode chips 3 so as to have an optical axis which coin- 
cides with an optical axis of an emitting light of the diode 
chip, and the thus-adhered ball lenses 8 are buried in a 
resin molding 4. 

In the resin molding 4 on the side of exits there is 
embedded a groove forming chip 22 having a plurality 
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of fixation grooves 10 corresponding to the diode chips 
3. The groove forming chip 22 is made of a semicon- 
ductor and comprises a Si substrate 23 having V- 
shaped grooves 23a formed therein, and a plate 24 ad- 
hered to the substrate so as to close the V-shaped 
grooves 23a. Accordingly the fixation grooves 10 have 
regular triangular section and the centers of the respec- 
tive fixation grooves are in alignment with the optical ax- 
es of emitting lights of their associated diode chips 3. 

Thus, when an optical fiber F is inserted into each 
of the fixation grooves 10, the optical fiber F of circular 
section is contact-supported at three points in the fixa- 
tion groove of regular triangular section, which makes it 
possible to align their optical axes accurately. 

In the above-described embodiments, the optical 
device is light emitting diodes, but it is needless to say 
that the optical device according to this invention is ap- 
plicable to light detecting devices, such as photo-diodes 
and others, or optical electric integrated circuits (OEIC) 
integrating these optical positive devices and electric 
devices, such as amplifiers, drivers, FETs, etc. 

FIG. 1 3 shows a photo-diode involved in a ninth em- 
bodiment of the optical positive device according to this 
invention. This photo-diode 41 comprises a diode chip 
(optical active device) 43 mounted on a lead frame 42 
which are molded of a transparent resin 4 to be integral 
in a cylindrical shape. 

A diode chip 43 is die-bonded to the bed 45a of a 
cathode lead 45 and wire-bonded with the forward end 
46 of an anode lead 46 by a wire 47. A first ball lens 48 
is adhered to the photodetecting surface 43 (active sur- 
face) of the diode chip 43 on the same optical axis L as 
the diode chip 43. In this state the first ball lens 48 is 
buried in a resin molding 44. 

In the resin molding 44 a second ball lens 49 as well 
is buried before the first ball lens 48 so as to have an 
optical axis which coincides with an optical axis L of an 
emitting light of the diode chip 43. Radiation entering 
from the outside is led from an entrance of the resin 
molding 44 to be condensed here, and further con- 
densed by the first ball lens 48 to focus on the photode- 
tecting surface 43a of the diode chip 43. 

The material of both ball lenses 48, 49 in this em- 
bodiment is a transparent material having a refractive 
index equal to or higher than 1.7 to 1.9, taking it into 
consideration that the refractive index of the resin mold- 
ing 44 is 1 .5, and especially glass ball lenses are pref- 
erable. In this embodiment, taking cost aspect into ac- 
count, Ti0 2 , Ba0 2 and Si0 2 based glass ball lenses are 
selectively used. The refractive indexes of both lenses 

48, 49 as well as their sizes can be selected freely to 
some extent. 

Thus, the incident light can be condensed on two 
stages by the first ball lens 48 and the second ball lens 

49, and consequently the photodiode 41 can have very 
high condensation efficiency. 

FIG. 14 shows the optical electric integrated circuit 
according to a tenth embodiment of the optical device 



of this invention. This optical electric integrated circuit 

51 comprises a substrate 54, a photodetecting region 

52 and a signal processing circuit region 53 which are 
integrally molded of a transparent resin. 

5 In the photodetecting region 52, GaAs doped by Er 
is crystal-grown as a buried light absorption layer 52a. 
On the light absorption layer 52a there are formed a pair 
of electrodes 52b, 52b for taking out signals. In the sig- 
nal processing circuit 53 there are formed a contact re- 

10 gion 53a and active layers 52b, 53b, and electrodes 53c, 
53c, 53c thereon. The electrodes 53c, 53c, 53c are a 
source electrode, a gate electrode and a drain elec- 
trode, and function as circuit elements for signal 
processing to constitute a FET. 

15 A first ball lens 56 is adhered to the surface of the 
light absorption layer of the photodetecting region 52 so 
as to have an optical axis which coincides with an optical 
axis of an emission light from the light absorption layer 
52. In thus adhered state the first ball lens 56 is buried 

20 in a molded resin 55. 

A second ball lens 57 is also buried in the resin 
molding before the first ball lens 56 so as to have an 
optical axis which coincides with an optical axis of an 
emitting light from the light absorption layer. The radia- 
ns tion from the outside is led from the entrance of the mold- 
ed resin 55 to the second ball lens 57 to be condensed 
here and further condensed by the first ball lens 56 to 
focus on the surface of the light absorption layer 52. 
Here the radiation is photoelectrical ly converted and 

30 then is processed, e.g., amplified, etc. in the signal 
processing circuit region 53. 

Thus the incident light is condensed on two stages 
by the first and the second ball lenses 56, 57, and con- 
sequently the optical electric integrated circuit can have 

35 very high condensation efficiency and can be compact. 



Claims 

40 1 . An optical device comprising a frame (2), an optical 
active device (3) mounted on the frame (2) and in- 
tegrated therewith by a light-transmitting resin 
molding (4) in which the optical active device (3) is 
buried, and two lenses (8, 9) buried in the light- 

45 transmitting resin molding (4) facing an active sur- 
face of the optical active device (3) and having the 
same optical axis (L) which is perpendicular to the 
main surface of the optical device and coincides 
with an optical axis of incident or emitting light of the 

so optical active device (3). 

2. An optical device according to claim 1 , wherein at 
least one of the lenses is secured by bonding to the 
active surface of the optical active device. 

55 

3. An optical device according to claim 1 , wherein in- 
cidence or emission surface of the resin molding is 
formed in convex surfaces functioning as said lens- 
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es. 

4. An optical device comprising a frame (2) an optical 
active device (3) mounted on the frame (2) and in- 
tegrated therewith by a light-transmitting resin 
molding (4) in which the optical active device is bur- 
ied, and two lenses positioned facing an active sur- 
face of the optical active device (3) and having the 
same optical axis which is perpendicular to said ac- 
tive surface and coincides with an optical axis of in- 
cident or emitting light of the optical active device, 
one of the lenses (4c, 4d) being a convex lens por- 
tion integrally formed on a surface of the resin mold- 
ing, and the other of the lenses being a spherical 
lens (8) buried in the resin molding. 

5. An optical device according to claim 1 or 4, wherein 
the lenses are spherical lenses. 

6. An optical device according to claim5, wherein the 
lenses are ball lenses. 

7. An optical device according to claim 1 , wherein the 
lenses are non-spherical lenses. 

8. An optical device according to claim 1 , wherein re- 
fractive indexes of the lenses are higher than the 
refractive index of the resin molding. 

9. An optical device according to claim 1 or 4, wherein 
the lenses are glass lenses. 

10. An optical device according to claim 9, wherein the 
glass lenses are made of Ti0 2 glass, Ba0 2 glass or 
Si0 2 glass as main components. 

11. An optical device according to claim 1 or 4, wherein 
the lenses are a light-transmitting semiconductor. 

1 2. An optical device according to claim 1 1 , wherein the 
semiconductor device comprises InP or GaAs as a 
main component. 

13. An optical device according to claim 3, wherein the 
entrance and exit surface are spherical. 

14. An optical device according to claim 4, wherein the 
entrance and exit surface are formed in stepped 
surfaces as Fresnel lenses. 

15. An optical device according to claims 1 , wherein an 
attachment flange is formed on a part of the resin 
molding. 

1 6. An optical device according to claims 1 , wherein the 
optical active device is a light emitting device. 

1 7. An optical device according to claims 1 , wherein the 



optical active device is a photodetecting device. 

18. An optical device according to claims 1 , wherein the 
optical active device is an optical electric integrated 

s circuit. 

19. An optical device according to claim 4, wherein re- 
fractive indexes of the lenses are higher than the 
refractive index of the resin molding. 

10 

PatentansprGche 

1. Eine optische Einrichtung, umfassehd einen Rah- 
15 men (2), eine optische aktive Einrichtung (3), die auf 

dem Rahmen (2) angebracht und damit durch eine 
lichtubertragende Harzformung (4), in die die op- 
tisch aktive Einrichtung (3) vergraben ist, integriert 
ist, und zwei Linsen (8, 9), die in der lichtubertra- 

20 genden Harzformung (4) auf eine aktive Oberflache 
der optischen aktiven Einrichtung (3) hin gerichtet 
vergraben sind und die gleiche optische Achse (L) 
aufweisen, die senkrecht zu der Hauptoberflache 
der optischen Einrichtung ist und mit einer opti- 

25 schen Achse eines einfallenden oder emittierenden 
Lichts der optischen aktiven Einrichtung (3) uber- 
einstimmt. 

2. Optische Einrichtung nach Anspruch 1 , dadurch ge- 
30 kennzeichnet, daB wenigstens eine Linse der Lin- 
sen durch Bondung an der aktiven Oberflache der 
optischen aktiven Einrichtung gesichert ist. 

3. Optische Einrichtung nach Anspruch 1 , dadurch ge- 
35 kennzeichnet, daB eine Einfalls- oder Emissions- 

oberflache der Harzformung in konvexen Oberfla- 
chen, die als die Linsen dienen, ausgebildet ist. 

4. Optische Einrichtung, umfassend einen Rahmen 
40 (2), eine optische aktive Einrichtung (3), die auf dem 

Rahmen (2) angebracht und damit durch eine licht- 
ubertragende Harzformung (4), in der die optische 
aktive Einrichtung vergraben ist, integriert ist, und 
zwei Linsen, die auf eine aktive Oberflache der op- 

45 tischen Einrichtung (3) hin gerichtet position iert sind 
und die gleiche optische Achse aufweisen, die 
senkrecht zu der aktiven Oberflache ist und mit ei- 
ner optischen Achse eines einfallenden oder emit- 
tierenden Lichts der optischen aktiven Einrichtung 

50 ubereinstimmt, wobei eine der Linsen (4c, 4d) ein 
konvexer Linsenabschnitt ist, der integral auf einer 
Oberflache der Harzformung gebildet ist, und die 
andereder Linsen eine spharische Linse (8) ist, die 
in der Harzformung vergraben ist. 

55 

5. Optische Einrichtung nach Anspruch 1 oder 4, da- 
durch gekennzeichnet, daB die Linsen spharische 
Linsen sind. 
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6. Optische Einrichtung nach Anspruch 5, dadurch ge- 
kennzeichnet, daG die Linsen Kugellinsen sind. 

7. Optische Einrichtung nach Anspruch 1 , dadurch ge- 
kennzeichnet, daG die Linsen nicht-spharische Lin- 
sen sind. 

8. Optische Einrichtung nach Anspruch 1 , dadurch ge- 
kennzeichnet, daG Brechungsindizes der Linsen 
hoher als der Brechungsindex der Harzformung 
sind. 

9. Optische Einrichtung nach Anspruch 1 oder 4, da- 
durch gekennzeichnet, daG die Linsen Glaslinsen 
sind. 

10. Optische Einrichtung nach Anspruch 9, dadurch ge- 
kennzeichnet, daG die Glaslinsen aus einem Ti0 2 - 
Glas, einem Ba0 2 -Glas oder einem Si0 2 -Glas als 
Hauptkomponenten gebildet sind. 

11. Optische Einrichtung nach Anspruch 1 oder 4, da- 
durch gekennzeichnet, daG die Linsen ein lichtuber- 
tragender Halbleiter sind. 

12. Optische Einrichtung nach Anspruch 11, dadurch 
gekennzeichnet, daB die optische Einrichtung InP 
oder GaAs als eine Hauptkomponente umfaGt. 

1 3. Optische Einrichtung nach Anspruch 3, dadurch ge- 
kennzeichnet, daG die Eintritts- und Austrittsober- 
flache spharisch sind. 

14. Optische Einrichtung nach Anspruch 4, dadurch ge- 
kennzeichnet, daG die Eintritts- und Austrittsober- 
flache in gestuften Oberflachen als Fresnel-Linsen 
ausgebildet sind. 

15. Optische Einrichtung nach Anspruch 1 , dadurch ge- 
kennzeichnet, daG ein Befestigungsflansch auf ei- 
nem Teil der Harzformung gebildet ist. 

1 6. Optische Einrichtung nach Anspruch 1 , dadurch ge- 
kennzeichnet, daG die optische aktive Einrichtung 
eine Leuchtdiode ist. 

17. Optische Einrichtung nach Anspruch 1 , dadurch ge- 
kennzeichnet, daG die optische aktive Einrichtung 
eine fotodetektierende Einrichtung ist. 

18. Optische Einrichtung nach Anspruch 1 , dadurch ge- 
kennzeichnet, daG die optische aktive Einrichtung 
eine optische elektrische integrierte Schaltung ist. 

19. Optische Einrichtung nach Anspruch 4, dadurch ge- 
kennzeichnet, daG die Brechungsindizes der Lin- 
sen hoher als der Brechungsindex der Harzlormung 
sind. 



Revendicatlons 

1. Dispositif optique comprenant un support (2), un 
dispositif optique actif (3) monte sur le support (2) 

s et integr6 a celui-ci grace a un mouiage de r6sine 
transmettant la lumiere (4) dans lequel le dispositif 
optique actif (3) est noye, et deux lentilles (8, 9) 
noyees dans le mouiage de resine transmettant la 
lumiere (4) faisant face a une surface active du dis- 

10 positif optique actif (3) est pr6sentant le meme axe 
optique (L) qui est perpendiculaire a la surface prin- 
cipals du dispositif optique et coincide avec un axe 
optique de la lumiere incidente ou d'dmission du 
dispositif optique actif (3). 

15 

2. Dispositif optique selon la revendication 1 , dans le- 
quel au moins Tune des lentilles est fix6e par collage 
a la surface active du dispositif optique actif. 

20 3. Dispositif optique selon la revendication 1 , dans le- 
quel ta surface d'incidence ou d'6mission du mou- 
iage de resine est formee suivant des surfaces con- 
vexes agissant en tant que lesdites lentilles. 

25 4. Dispositif optique comprenant un support (2), un 
dispositif optique actif (3) monte sur le support (2) 
et integr6 a celui-ci par un mouiage de resine trans- 
mettant la lumiere (4) dans lequel le dispositif opti- 
que actif (3) est noye, etdeux lentilles positionnees 

30 & I'oppose d'une surface active du dispositif optique 
actif (3) et pr6sentant le meme axe optique qui est 
perpendiculaire a ladite surface active et coincide 
avec un axe optique de la lumiere incidente ou 
d'6mission du dispositif optique actif, Tune des len- 

35 tilles (4c, 4d) etant une partie de lentille convexe 
formee de facon integrSe sur une surface de mou- 
iage de resine, et I'autre des lentilles etant une len- 
tille sph6rique (8) noy6e dans le mouiage de r6sine. 

40 5. Dispositif optique selon la revendication 1 ou 4, 
dans lequel les lentilles sont des lentilles spheri- 
ques. 

6. Dispositif optique selon la revendication 5, dans ie- 
45 quel les lentilles sont des lentilles en bille. 

7. Dispositif optique selon la revendication 1 , dans le- 
quel les lentilles sont des lentilles non spheriques. 

so 8. Dispositif optique selon la revendication 1 , dans le- 
quel les indices de refraction des lentilles sont plus 
Sieves que I'indice de refraction du mouiage de re- 
sine. 

55 9. Dispositif optique selon la revendication 1 ou 4, 
dans lequel les lentilles sont des lentilles de verre. 

10. Dispositif optique selon la revendication 9, dans !e- 
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quel les lentiiles de verre sont faites d'un verre de 
Ti0 2 , d'un verre de Ba0 2 ou d'un verre de Si0 2 en 
tant que composants principaux. 

11. Dispositif optique selon la revendication 1 ou 4, 5 
dans lequel les lentiiles sont faites d'un semicon- 
ducteur transmettant la lumiere. 

12. Dispositif optique selon la revendication 11, dans 
lequel le dispositif de semiconducteur comprend 10 
InP ou GaAs en tant que composant principal. 

13. Dispositif optique selon la revendication 3, dans le- 
quel les surfaces d'entree et de sortie sont sphSri- 
ques. is 

14. Dispositif optique selon la revendication 4, dans le- 
quel les surfaces d'entree et de sortie sont formees 
en surfaces echelonnees en tant que lentiiles de 
Fresnel. 20 

15. Dispositif optique selon la revendication 1 , dans le- 
quel une bride de fixation est formee sur une partie 
du moulage de resine. 

25 

16. Dispositif optique selon la revendication 1 , dans le- 
quel le dispositif optique actif est un dispositif 
d'emission de lumiere. 

17. Dispositif optique selon la revendication 1 , dans le- 30 
quel le dispositif optique actif est un dispositif de 
photodetection. 

18. Dispositif optique selon la revendication 1 , dans le- 
quel le dispositif optique actif est un circuit integre 
opto-electrique. 

19. Dispositif optique selon la revendication 4, dans le- 
quel les indices de refraction des lentiiles sont plus 
eleves que I'indice de refraction du moulage de re- *o 
sine. 
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Fig.1A 
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Fig. 1B 
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Fig. 2 



Fig. 3 
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Fig. 4 



Fig. 5 
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Fig.6A 




Fig. 6B 1 
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Fig. 7 
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Fig.8 
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Fig. 9A 
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Fig. 10 
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Fig. 11 
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Fig. 12A 
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Fig. 13 
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Fig.H 
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Fig. 1<S 
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Fig. 17 
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Fig. 15 
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